TM 5-809-10/NAVFAC P-355/AFM 88-3, Chap 13

APPENDIX F

DESIGN EXAMPLES—NONBUILDING STRUCTURES

F-1. Introduction. The desgn examplesin this appendix are to illustrate principles, factors, and concepts
involved in seismic design. These are not mandatory; and other equivalent methods, materials, or details
complying with this manua and applicable agency guide specifications may be used.

F-2. Design Examples—

Fig. No.
F-1

F-2
F-3
F-4

F-5

Description of Design Examples
Elevated Tank (Braced Frame).
Four-legged, diagonal braced tower.
Vertical Tank (On Ground).
Vertical water tank supported directly by the ground.
Horizontal Tank (On Ground).
Typical horizontal tank supported on saddles.
Pole-Mounted Transformer.
Equipment supported by a non-building pole structure.
Tower-Mounted Equipment.
Tower-supported equipment is investigated for lateral seismic loads. The tower period
IS computed.

DESIGN EXAMPLE: F-1

ELEVATED TANK (BRACED FRAME):

Description of Structure. A 90,000 gallon steel water tank on top of a

114.5 foot high steel braced frame.

Lateral Loads.

v
z
I

Ry
S

T =

C
v

(ZIC/RW) W (SEAOC EQ 1-~1)
0.3 (Zone 3)

1.0

3 (SEAOC TABLE 1-3)

1.5 (Soil type $3, SEAOC TABLE 1-B)

§.37 (See Sheet 2)
1.25 s/T2/3 = 1.52

= (0.3 x 1.0 x 1,82/3) W = 0.15 W

MINIMUM C/Ry, = 0.50, V = 0.15W (SEAOC 11 5a)

Figure F-1. Elevated tank (braced frame).
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" PCRNE OF SIDE

F0,000 GALLON WRATER TANK

WEIGHT OF warér 750X

STEEL TANK (EST) 73
WATER + TAMK N =w
NEGLECT W7, OF TOWER

ASSUME BRACES CARRY TENSION
OALYS

COMPUTE THE PERIOD OF THE
STRUCTURE TO0 RETERM/NE
COEFF/CIENTS C AND §

T=0.32 |/%~ (EQ 12-1)

w= 822X
K= SPRING CONSTANT (KIPS/INCH)

IFA 1.OXK LATERAL LOARD 7§
APPLIED AT THE TANK C.G.,

K=

WHERE A = LATERAL DEFLECTION
OF TANK DUE 70 1K coAan.

7 =0.32/WxA
%*
_ 2x27.98x/2 _ ,

FOR /X L0AP ON TOWER
(0.5% £AcH SINE)

periecrion a%* - ?L/
EAMBER|LENGTHIAREA] (o A 7= o. ,
412 NGTHIAREA] ¢t oaal/Jzz x0.0224
AD 57.5 | 3.0 ne7e 430 = L37 SEC
AC 47.8' | 24.0 23| 3.27
B8 D 47.8' | 24.0 |-1¢e78 5.g’o
c O 28.¢2' | 8.0 |~2%| .
c 7 | 255 |55 [ises| co2 |Fos%APPLIED To cacH
cE 32.7 | 200 h7287| .97 SIN8 OF TOoWER.
DF 37.7' | 260 }1283] 2.58 EoR 1.0K ON THE
EF 22 4/ 8.0 |-.37¢ .39 WHOLE TOWER.:
E N 35.8 | 4.0 n1ss| 5.2 LR L
EG 29.7" | 24.0 it./5 .03 L — X 27.98
FH 3;;8 24.0 -za*g 77 A AL
& ~H oo |487 Ne)
77.98 A =3~z IN/KI®

Figure F-1. Continued.
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V= O/5 W (SHEET /0F 3)
= Oo/5x 822 = /23.3 X/PsS.

SITRESS IN IMEMBERS FOR. cqag_ae%ch_‘eg@ﬁcgez 70
AZRTOL __OX/S. zs/zs.ai e LOADIECCEN, cc;v oraL | omir )
SIRE S IIRES SRESS | S7RESS
AB £138 = 1337+ M.5%| ¢ 0.8+ 1235  — |
AD 74 ¢t 585 |+ 2.9 |r ¢rLe | 20575
AC /. 283 ?/758.2 0. 1758 2 6.6
80 6718 -207 o. |-207 8.63
cO -.296 - 345 | -7.8 |-383 | #.79
CF 7.598 » 23.7 |+ 8.7 |r72.¢4 £2./
CE 7.287 + 92/ o. t 97./ .05
OF /.283 -/58.2 o. -/758,2 6.6
EF - .33 ~-da2 |- 2.5 |-485 6.0¢
EN ’.758 *93.4' |+ 4.7 |»987 | 24.5
£G ? /56 r /9.2 0. t /2.2 0.80
FAH - 787 - 92.7 0. -97/ 4.
GH - . 987 -0l | -3.0 | -¢3./ L —

7 CE C T
At = .O5x3C2/23.3 = 222 .-'ﬁ @ ‘
smeouen.of-ﬂszaes--fg—-&oa‘ L
STRESS N WEB MEmBERS < 2000 2 (DIRECT LOAD 5TRESS)
3TRESS /N COLUAMNS = O 536y

CHECK COILUMN FORCES AND UPLIET =
FOR LOANP APPLIED AT 48° 70 1‘

MAJOR AXIS OF TOWER

p= 123.3x/20
= 19I1f x36

(NOTE: FORCE /N BDx|[2 =207/ ¢/4=293)
GRAVITY FORCE ON COLUMNSs 822K < 4= -20¢ KIPS
COLUMN NRES/IGN :—-293—204 = 457 KIPS (COMPR.)

X 1.007=2 293 x/1PS

»
UPLIFr: +298~0.85(206 16 Kips (UPLIFT)

DESIGN ANCHOR BOLTS ANR FOUNPATION
FOR |18 KIPS UPLIFT FORCE

RpspgR To. SEAOC /#H1b
Figure F-1. Continued.
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F-4

DESIGN EXAMPLE: F-2

VERTICAL TANK (ON GROUND)

Description of Structure. A cylindrical water tank on grade with a radius
of 10 feet (R = 10), a height of 12 feet (hr = 12), and a water depth of
10 feet (h = 10). The tank is located in Seismic Zone 4 and I = 1.0. The
weight of the tank is 20 kips.

Required. The period of the sloshing water, the maximum vertical displace-
ment of the water (dmax), and the design seismic forces.
Refer to Chapter 13, paragraph 13-4.

Figure F-2. Vertical tank (on ground).

'J 1 RELER TO FIGURES 13-
> o AND 13-2 FOR SEISMIC
I FORCE DISTRIBUTION
<l

VO LWL/l

GENEBRAL

T s 0.4,58SMIC ZTONE 4
I & 1.O

> EADC TABLE /-T)
gw-. /-3s(§/4r% L 2.7 OSEAOC £& )2
S 2 1.5 (Nor KNOWN, SEROC TABLE /-8B)
<t Ah/R 2/0.0/10.0 & [,0
Ww(waTeR) = x (10)2(10)(0.0624) = 19GX
W, (RooB) 3 O (NO ROOR)
Wi (TANK WALLS)s 20K

Figure F-2. Continued.
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RIGID RORY FORCES [PARA./3-4a(1)]
Vg *ZLC/Ruw (Wrt Wy +Wy) (3-1)

C =275
ZIC Ry : 0.4%1.0 % 275/q = 0-28

O.84W (For £=10) (7A8LE /13-71)
0.54x196 = 106K

Vag * 0.28 (0+20+/06) = 35.3%

3

hy 3 0.38h (TAALE 73-2)
s O0.38x10 = 3.8FT.
hi{ = O0-804 Cramce /3-2)

t 0.80x/0 :80F7

Mg (TANK SHELL) 32752, [Wrhpt Wiy hy + Wehg) (/3-2)
: o0.28[0+20 (4) +106(3.8))]

v |G K AT
Moy (AELOW BasE)r 0.28 [0+ 20 (3D)* 106 (8.0)]
8 27/ K*T

Figure F-2. Continued.
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F-6

krl 0-64
T O.J‘W s 2.66 J’C.

Vse ® (ch//?w)Wc
C v /l255/r% 097
S 2 L5 (MAXIMUM rALue)
ZiC/w = 08 x/x0-97x Yy < 0.057
We = O.43 W

* 0.43x/96 = 84.3K
Vie : 0.097 x84.3x_g.2K

he = 0.60h =2 0.60 Xx/0 = 6.0 AT,
he * 0.79/h 3 O.79 x /O & 7.9 a7,

Ms, (TANK SHELL) = (Z1¢ /0., Ywjp 4

£ 00574 84.3x6.0
2 49/ <Fr

Mz (BeLow BASE) 20.077 x 84.3 x 7.9
2 Gd.C KT

Figure F-2. Continued.

JLOSHING WATER FORCE [PARA./3-44 (2)]

@3-4)
(TAALE /3-3)

(/3-3)

(TABLE /3-/)

(TABLE (3-2)

(73-5)
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HEIGHT OF SLOSHING WWATER

. [o0.75 @refew) .
Fpux = | 1-KyCre /R ) R 3-2)
- ©.75(0.027) -
* |i-Gsxe.097) | °-° (kg FROM TABLE/3-4)

20.88 FT. (L&s5 THAN h,-h = 2FT, OK)

TOTAL DESIGN FORCES [PARA./3-44(3)]

Vrerae = KD * Vn ¢3-8)
= \(35.3)7+(8.2) = 36.2%
Mzorac = ‘IMM *My ¢3-9)

FOR TANK SHELL = \I1$06T v 49,/ = 154%FT
FOR RELOW AASEs \27/7C+ oe.c T = 279K F7
i,

Figure F-2. Continued.

F-7
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F-8

DESIGN EXAMPLE: F-3

HORIZONTAL TANK (ON GROUND) :

Description of Structure. A 20,000 gallon steel tank in concrete

saddles on a concrete slab on grade. Seismic Zone 2A, I = 1.0, S = 1.5
For this rigid structure T & 0.3 sec.

Lateral Loads:

V=""W
Ry
where Z = 0.15, I = 1.0, Ry = 4, S = 1.5
C=2,75 (Table 4-1)
W = Weight of Tank plus contents.

[MINIMUM

= 0.15(1.0)(2.75) w
A

= 0,10 W > 0.075 W (0K)
C/Ry = 0.5; V = 0.15 x 0.5W = 0.075W (SEAOC 1I5a)]
Figure F-3. Horizontal tank (on ground).
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20,000 GALLON TANK
11°-0" DIAM. x 28'-0" LONG
WEIGHT TANK PLUS
CONTENTS 200,000 LBS.
SEISMIC LATERAL FORCE
v=010W

= 0.10 x 200,000

= 20,000 LB.
OR 10,000 LB. EA. SADDLE

STRAL DEIIGM

FOR THE PURPOSE OF THIS EXAMPLE ASSUME T1E REACTION 15 AT
LEVEL N AND NECLECT WEIGHT OF TANK AND QONTEN'S.

M2 10000 x 4.25 = #8,500° %

S rocss « $2800/90 = 4,720 % 1y STRAP.

SALDDLE oe.s'g’i.u
AELT ASSUILE THE LOAD QL THE FICK 70 A&

APPLIED AT LEYEL "B
ZROMELTY -WITH LOAD APPLIED AT LEYEL 5

MU =/0,000 x 2.5 = 25,000 ¥ DESIOL REIF TO
RESISY THIS BENDIGE, AOIMELNT L) ACCORDANCE WITH SYAL/-
DARD PROCEDURE.

BASE DEIIGL
T TOTAL O.T.AL = 20,000 x 8.5 = 1 70,000"™
BASE I12-C"x24-0" A=/[2.5x24%4 = Soo?’
SECTION MODULUS 3 = &ﬂéﬁﬂlﬁ 625

4. SADDLE = S880%x 2 = 11, 7c0%
AASE WEIGHT =225 x 300 = 67,500%
+200,000

279, 260* TOTAL WEIBHT
P 279260 _ M _ 170,000 .
&= 23845 =087 5 ="ckz ~27¢

- 126" -
[ |
Liil 930.87
+272.0
-272:8’ 255 o700

L RESULTANT IS IN
G58.81%0' pqpo.L8 TNIRO

Figure F-3. Continued.
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28°-0
&'-o /@'~ 'O
- e
|
9
10,000% . N
s 16,000
1-3*T A —_—5- s 9
* —5t

L'.t'-ok /6&'-0 4!o_l

QOVERTURNING ON SUPPOR7 IS NEGLIG/IBLE AND /5
NOT INCLUDED IN THIS CALCULATION

SADDLE DESIGN
Mr< Mg ABOU7 BASE OF TANK = /0,000x /.25 = /2,500 '#
ABov/r FOOZ/G = /0,000X 2.75 = 27, 50q i
DESIGN REINF, Ta RESIST THESE BENDING MOMENTS IN
ACCQRDANCE WITH STANDARD PROCED URE

BASE DESIGN

DESIGAN REINF, /N FOOTING /N ACCIARDANCE W ITh STANDARD
PRQCEDURE Jo RESIST SADOLE M s 27 00 '

7e74¢ Q. 7M. B 20,000 X &. S © /70,000 ‘%
[N

SECTION MODULYUS S w L2:5%(24)

= = /200
P M 170,000
A = 730.87(FRomM SHEET 20F3) T~ = F3oa—= (42
24-0_°0'
9230.87 2?30.87
-/42.0 #/ +142.5
728 .87 %o 1012.87%4a"

RESULTANT IS IN MIDOLE T+#7/RD
DES/IGN FOoQT7T/NG FOR JSO8/¢
PRESSURES SHOWN /M ACCORD~
ANCE WITH STANDARD
PROCEODURE,

Figure F-3. Continued.

F-10
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RESTRAINING BAR G/IVEN .

YRANSFORMERS WT. TRANSFORMERS = 3,0 KIPS [ EA.

3.0 KIPs/EA., WT, POLES 36 LB/FT.[POLE
\ E (POLES) 1,Gx I0GLL/IN.?

€6~ SOIL PROPERTIES ARE UNKNOWN

ASSUME EACH POLE ACTS A A

?0.0'

b 20' LoNG CANT,LEV&U@PANCY CATEGORY L
oc¢e
~ SE/SMIC ZONE 3 (ESSENTIAL FACILITY).
- REQUIREN *
PRITTSRATS FIND THE SEISMIC FORCE
12" DIA. | i COEFFICIENT FOR THE WEAK
D. E. POLE AXIS OF THE POLE ERAME .
(3 TOTAL) - (1.6, NORMAL TO .THE PAPER.)
SOLUTION :

CLASSIFY AS A NON-BUILRING STRUCTURE.

7= 0.32 /\/7(“—’ (EQ!:H)

W =3000 *+ 35220 = 3,350 LB/POLE

CALCULATION ©OF Kk !

I. (ONE POLE) = .78 5R* = .785@)*=1017 N}

_PL3 _ 3€x,  3(.6x10°(Ql7)
D=3z, OR k==FT= (2ox/§§§""‘
= 363 LBS/IN.

8350
, = O SEC,
o.32 353 o099

(ZIC/RW)W (SEAOC EQ 1-1)

030 (ZONE 3)

1.25 (ESSENTIAL FACILITY)
3 (INVERTED PENDULUM) SEAOC TABLE 1-1

/.88 (TABLE 4-] FOR T= 1.0 SEC)

1.88/3 = 0.63 > 0.50 (SEAOC [I5a)
(0.30 x 1.25 x 1.868/3) W = 0.23W

Figure F-4. Pole-mounted transformer.

-

DO NN

L}
L )
\

C/Rw

[ O T T

<
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GIVEN 7

MISSILE TRACKING IODEVICE SITUATED
ON TRUBS TOWER : SE/SMIC SONE 283

ESSENTIAL FACILITY
SITE TYPE S;

CoGl\KN h_
ak K
R ™
A=125 !N: TYP —* BF f
A= LOIN? TYPR. . c
1 = 107 PS|
A=1.5INSTYPR, Q| E=7ax
wl O
ol 2
Q00
&n 0
@
0
N )
I

| 101" | ASSUME DIAGONALS
TAKE ONLY TENSION

REQUIRER :

FIND THE LATERAL SEISMIC FORCE 70 RBE
APPLENR AT THE CENTER OF GRAVITY OF THE
TRACKING NEVICE. CLASSIFY AS RIGIND

EQUIPMENT ON A STRUCTURE OTHER THAN A
BUILRDING.

Figure F-5. Tower-mounted equipment.

F-12
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SOLUTION ¢ p A B
wem-l P L [a [P2L N
BER FoRcE ((IN) (INF) A o

(Iaps) ,
AB | Loo| 45 o
AC o 145 | 2.6 o)
AD o |isz|1.0 o
pec +2.17 (1583 1.0 7134.5
B -2.00|1458{26] 2356.5
cen l-0.62! 212118 2r.s
2 € +2.072|145 |25 | 235.5
cF . o0 |i167]10 o |
cE +116|161{1.0] 224.7 SN
DFE =3.02|145 |25 529.0 G}k_—AH
EF |-0.50| a&| 16| 16.0 e
&5 |143.02 /45125 529.0 | NoTE: PT.H /S 4SSUMED =
E K O_(-89|1l0 © TAKE NO BASE SHEAR
FG |+0.75 183 |10} 101.8 S MEMBER Sh1 CARRE5
FH |-8.63|145|2.6| 76+.3 DA
6H |to0.30|120]| 1.8 22 NO LOAD

2 z
ke &= S ':A‘é T L casom YN

= 117 x 107 = 0417 INcHEY KIP

L = ci0=
<A k=855 KIPS/IN. PER SIDE

= 34‘/ —031‘/60 = 0.22 83¢C (#@ 12-/)
2(855)

Z:0.20 (Zonye 28B), L:=/25 (655ENTIAL FACILITY)
Ru 3.0 (SWVERTED PENDuLUM), C= 2.75 (TABLe 4-/)
V:(ZLefpo )W = (0207125 x2.75/3) W = 0.23x 8 = /. BL KIS

NOTE&. WEIGHT OF TOWER WAS NEGLECTEN.

Figure F-5. Continued.
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